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(57) Abstract: Disclosed is a tunnel junction 
device capable of controlling spin retention. 

Specifically disclosed is a tunnel junction device 
having a structure v^herein an LaAlOs-s (electrically 
iQSulating layer) (13) as a ferromagnetic (includiag 
ferrimagnetism) metal material is sandwiched 
between an Lao.6Sro.4Mn03- 5 electrode (12) and an 
Lao.6Sro.4Mn1.yRuyO3.fi electrode (14). 

(57) xe>'K}^:tl^*Jffl-e#^ h>^s;u 

^m^ntLXLaoeS r 0.4M n O3.fi 1 2t 
LaoeS r 0.4M n i.yR UyO3.fi Sffi 1 4-efifet;cfc 
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m m m 

If i-^-efe'5>5TMR (tunnel magnetoresistive) M^\CM't^^^\0^-Wi'^^^ 

o 

[0002] )i^^/^®^MS^tf v'^V ih^§*^^^>/^V \ 

'l4M^i^^X30nm (300 A) "C. 2010^^^{*1000Gbpsi(Dp<^lJ^»^^^tt;H*W 

f--rxionm (100 A) @s-eii?i-e^s^B":btv-cv 
[0003] ^(Dx^fmm^mm'^mcDmm^t. mmmitizMit^ir^fMz., s^-^^/k 

^ hL.<i'i.mM.-^>^—<DmM<D\^±h!^MXh^o :^C)^S}*MR(magnetoresis 
tive) ittl^XmM^fh^o S^--^5/K(0^/J^>^l::^*rtb^«^i-a-fe^1^— I^^^COM 

[0004] ^(Z)MRlti;i|iL'C(*. 1994^IM^^&>MRlt^S40/o-e^;5GMR (giant magneto 
resistive) i^^^^S^^^tv. Hffllli^ttoofe^ (TIB#fF:iCmi)o m?fe-ef* 
MRitlO%@S(^^><^^5^#boofe;5o b^^U 100GfcVh/(^>'^)'W-h<^fB 

1ji^Sf-^^^^?i.?i»GMR*^(DMRl:b-e{i^«9-f s 10;e)^b#:l0%W^/K7)MR 

[0005] ^Z.X^ 2000^{z:, ^^^|5g-eMRlty05lO%i^_hOTMR (tunnel magnetore 
sistive)^^^;$S^J#b. ^(DTMR*^^(c:j:i9, %M(DGMRm^Xm\^t^ot:.i:^m 
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[0006] TMR^^^f*. m^^>'^—t\^x(Dmmfdiir'^fj:<. m^?^^vt\^x<D!t^mmm 

#fF JCmi : 2000-1 1 330-^^# 

#^f^;irS^l : Ohashi et al, NEC"Low Resistance Tionnel Magnetoresis 
tive Head", IEEE Transaction on Magnetics, Vol. 36, No. 5, pp. 254 

9-2553, 2000 

##fP:^fi^2:M. Bowen et al. Appl. Phys. 82(2003)233 
##fF:S:j|^3:M. Kawasaki, Y. Tokxjra et al, Jpn. J. Appl. Phys. Vol. 42 ( 
2003)L369-L372 

1 O 7^ce^^<D+^^;l#v^|6^#:J^^^^iiA/fci^^K-r5/^«5t^b-CV^§o TMR<D 

2 3 

m^n^7!)mmm(DmM^hi^^/i-x^^m^^^mtir^^tKmmi^x\ tm 

^^TV^6(_hfE##fF:i:m2)o ^<D|^^^(DMRJt{*. ||{c:4Kt;i*5V>-C1800%^ffi 
X.So ::(^J;5^^TMR^T'^CMR (colossal magnetoresistive) ^T^^l^-S^o 

[0008] ^^:f:^:^4hmmihm^^M^ (y^vmi^^^ty) S i-^ffl LfcCMR^^ 

mmtfj:^wkmti.x:^ii'iy'^mti^mmir^mmm^:^^o 
[0009] ±miikUKm^x. muTi^^^ ^xh. :^\i'i^^mtj^mmx^^m^ 

[0010] cMRm^(Dmmm^^ti<>x^ ±mum^mmtT^^ts^mi^mm(D^^°:y(D^ 
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'^m\m}^x±^<f^^o ^hi^^\in^(Dmmm^i^m^^^:ki^<^^^. h>hc2^/^^ 

(l)CDH^Bt;iM5o ^<^i!#C)®^^^b^ig2(;i^LfCo i51^§|3i^#H:55Hc2>H>H 
c 1 (^:Jo V ^-C [ (2) (7))t»ttl] . tib< (5) V ^T. TMR^^ 

[0012] msic, TMRm^tmmmi^t(Dm^^^i^f^o TMRm^i-immmw^(Dj&m\^ti 
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[0013] ±r^iiimi^mmK^^-:f^^4hmmm\^ (7=^vm\^^^t^) mm^^mitmum- 

(D^-hi^tl^^—:lj(Dmmi^ (y^Umi^^t^) mn^mi^UP^^l^a Sr MnO 

1-x X 3-5 

i4Sr'^tf)^«tt@^#5|Sf?rLa SrMn Ru O M^^bi^(0. 2^x^0. 5. 0< 

1-x X 1-y y 3-« 

ts:^mm^h-^m^xhoxhx\^HmMm3)o mmm^^m^ir^^mm^^i^a sr 

1-x X 

MnO M^>fki^(o. 2^x^o. 5. 6 {*^m^ts») Mv>/c5|[att(:73iyai4^ 

3-5 

^tL^M^^^La SrMn Ru O M^lb^^ (0. 2^x' ^O. 5, 0<y^x, 6 

1-X* X* 1-y y 3-5 
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T. S^fi^B^Jg^^bT. La Sr MnO mmitmiO. 2^x^0. 5, 8 l^mm 

1-x X 3-5 

l-x X 1-y y 3-5 

6 A^L-CCa. Sr, Ba;^ce^^<DT/V;;^7y±S7n^t>L<fiLa/cC^O 

^ifclSTn^. Y, Bi, PhTb^hf^^ynm. BtL-XASl^(DCa, Sr, Baf3:t^(DT/V:iJV 
±m7cmh\^<i'il^af£}£(D%±m7i.m.Y, bi, Pb^^^^fe^TUl^. MirLTMn, Fe, 

Co, Ni, Cu/^^'(Djg#^M7n*. M' ti.XMI^^(DMn, Fe, Co, Ni, Cu/^^^(7) 

^fi^i^^S SrTiO ( 6 f*^*j^ti») T'feS3^^^-efeoT j;V ^ (M^^6) „ ^ 

3-5 

fc. mw.<DmM.^Bmm «^ LaAio ( s -efes*^^-c$>o-c j;v n ( 

3-5 

ft 5ft 117) o ±m(Di^ti^^—mmm<7)m^\^m^x. mm^m)^ir^mm^iim\^( 
TJ;v^(m^:«8)o mm(D^vi-y^u--'f—mmmicxm^^titim^i^m^x^ La 

SrMn RuO (0. 2^x^0. 5, 0<y^x, 6 fi^J^^tli) Hf^W 

l-x X 1-y y 3-5 

n^Bmm^=^vm\^^^t^)mm^m.mt\.x^</V'::^u-^-imm^m\^^xm 

La SrMn RuO M^^l^i^ (0. 2^x^0. 5, 0<y^x, 6 f*^^ 

l-x X 1-y y 3-S 

xm^^fvtim^Xh^ (ft ^il9)o tirfB(7)/-?/v^^-if-±i«?'if^TM3g$;rbfc 
^^^;l*DV^T.La SrMn RuO M^^t;i^(0. 2^x^0. 5. 0<y^x. 6 

Its X 1-y y 3-« 

133mPa (lmTorr);6^^13. 3Pa(100mTorr) COM^^i^XM^^tlfc^^Xh 

m2ih>'^/^i^^^^i^i^B>m^(Dmi7i<D^^mm!t^^<i0\^mxh^o 



wo 2005/086250 



6 



PCT/JP2005/003099 



o 

[0016] A BM M' O M^^bi^(0^x^l, O^y^l, 6 ^^i^M*) "C. A^b 

1-x X 1-y y 3-S 

TCa, Sr, Ba7feif<DT/V;?7y±^^^t>L<{*La7fe^'(D#±^^*, Y, Bi, Ph^^h 
tf:^jcm. BtVXASX^cDCa, Sr, BaJ^cC^*COT/V;57lJ±^^^t>b<{*La7'ceifC>^^ 

±m7cm. Y, Bi, Pb^^t)/^§5c^. Mi:LTMn, Fe, Co, Ni, Cu/^if (DS#-^M 
TC^. tl.XMj^^(DMn, Fe, Co, Ni, Cu;fcifODM#^M7^^^ffiV^/c5« 

1-x' x' 1-y* y 3-5 

mmm 

[0017] g|5{i^^9!(-^^;6^§h^^/v>^-r^^>^3^^^coifffi®^l2l'efc^o ^com^^^ 

1-x X 1-y y 3-5 

^«t4S^. 3{*A B M M' o mm^\^mmM.&omum. 4f*A b m m 

1-x X 1-y y 3-5 1-x x 1-y* 
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y* 3-5 

[0018] irf^f^ib. ^^^M^ir^r.^(DWM(D^^i^ti*^~:fj(DWM\^A b m m' 

l-x X 1-y y 

3-5 l-x' x' 1-y* 

y' 3-S 

[0019] ^^-e. _hiE*^ic*3v>-r. m^^m^ir^r.^<Dmm(D^'hi^tiif)^—ij(DmM 

itA BMnO M^>fbi^(0^x^l, 6 ^«^j^^i*)'e. AirLTCa, Sr, BaJfc 

l-x X 3-5 

t^COT/]^:fJU±mji.^hl^<m^afj:}f(Dm±mjn^.Y, Bi, Ph:^^ht^^7C^ . B^L 
TAJ^^OQCa. Sr, Bafi:t^(DT/]^:iJV±Myii0h\^<\'3:l^afj:t^<Dm±M7iiM.Y, Bi 

l-x* X* 1-y' y' 3-5 

'^1.6 itmrnxmA) ^m^^fc^m\^ iy=^vm\^^^t^) mmnmw-um^hf^ 
[0020] ^^c. _hiBi^^ic*5v>T. m^^m^ir^r.-D(Dmm(D^-hiPitiif}^~:i7(Dmmi^ 

La SrMnO M^^bi^(0. 2^x^0. 5. 6 ^M^j^^i»)^Lfc§t^K^4(:7;ny 

l-x X 3-5 

M\^^^t^)^-m'&.mi^wM^^hti^-mmt.m:ff<7)Mmi^i^a sr Mn ruo 

l-x' x' 1-y y 3- 

mmimio. 2^x'^o. 5.o<y^x. dit.mmxmM)^m^^^fcBikmm7=^}) 

5 

[0021] ^/c._h|E^^^l;i*5V>T. ^^^^#|^-r§mffi:a5La SrMnO mmtm{0. 2 

l-x X 3-5 

l-x* X* 

Mn Ru O mmi\:,m{0. 2^x' ^0. 5. 0<y^x. 5 {«^j^||*)^ffiV>fc§K 

1-y y 3- a 

SrMnO mmitmi.0. 2^x^0. 5, 6 \-^mMx^m^^w&MMMPc(D±M 

l-x X 3-5 

[0022] i^tl. AiWM^K^^^X.mMMil^BM^i.A BM M' O M^^ki^(0^x 

l-x X 1-y y 3-5 

^1. O^y^l. 6 f«^jk*R»)-e. AirbTCa, Sr, Ba^^if(DT/V;^yifcm7C^^> 
\^<\±'LafiE(D%±mjtM.Y, Bi, Pb;5^^/^^^^. Bi:b-CAJ^^COCa, Sr, Ba 
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UTMn, Fe, Co, Ni, Cufj:}£(DM^^M7C^. M' tL-XMSl^<DMn, Fe, Co, 
Ni, Cu5feif(DJg#^M7C*^fflV^§o 
[0023] ^/c. ±te?g^fC*3V^-C. nH^B^Ml-t. SrTiO , t)b<(iLaA10 ( 6 f*^ 

3-8 3-8 

[0025] ^fc. Ji|B^^^tc::}oV^T. La Sr Mn Ru O M^^b^^ (0. 2^x^0. 5. 0<y 

l-x X 1-y y 3-8 

if— ±i^^feMV^TMJt«#^^La Sr Mn Ru O mMitmiO. 2 

1-x X 1-y y 3-5 

[0026] ^^c. _h|B^^lC*5V>T. La Sr Mn Ru O M^^ki^(0. 2^x^0. 5. 0<y 

Itc X l-y y 3-8 

#IS^ii;'3^133mPa (ImTorr) ^^hl3. 3Pa (lOOmTorr) (DM^^i^XM^ir 

[0027] m6i'i:^^m<DM:i$^M^mirh:^^/^iy'^^^i^iy3:ym^(^WTMMXh^o 

[0028] '(Diiit^*5v>T. ii{*Ttp^«^ i2nT^mmmy^um'\^^^t^)mm^'m 

^^(Z)5Mtt^Mlt^La Sr MnO . 13{iLaA10 («^6^B^JB) . 14(i_h 

0.6 0.4 3-8 3-8 

mfimmy=^vm^^t^)mm\^mm<Dmm^^mmi^a sr Mn ruo 

0.6 0.4 1-y y 3- 

. i5it±^^mxh^o 

s 

[0029] ^tihco^Mm\i^mum2, 14, m^6^^^jBi3(*^vv;^w— if— Jta^-ea 

[0031] ^(DEIic^-r ^-f . Tg|3m^-hi-^-^/v;^w— if— ±ia^fcj;«9. a^mttm 
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^(D?»|4^M#3^La Sr MnO (LSMO) ^ff^^i^^ (;^^^^:7°Sl)o ^f-. 

0.6 0.4 3- 6 

^<D±K^</u::^u—^—mmmKx^. LaAio (mM^mmm) ^mm-r^ 

3-« 

lt^4La Sr Mn Ru O (LSMRO) ^^Jli-^o ^<^-b(--bfP«^^^ 

0.6 0.4 1-y y 3-S 

[0032] ^(D^^La Sr MnO (LSMO) (^^^^(^(DiaSfe^tt^lllStil^LfCo J^tVO 

0.6 0.4 3-« 

V— if— ±ia?it^i;5La Sr Mn Ru O (LSMRO) cDMit^#(^S^(Dta 

0.6 0.4 1-y y 3-6 

a)l;i^LfCo ^tt^<^M3a^#f*(l)850'C. 133mPa(lmTorr) , (2)840T:. 6. 
650Pa(50mTorr), (3)790'C. 6. 650Pa(50mTorr)(D#^-efe^o La Sr M 

0.6 0.4 

n RuO (LSMRO)(D^^^b(^?M^fe#'|4i::^t°^'(^#^J*^(DM3t^#t-5^< 

1-y y 3- 6 

. 05-efe6La Sr Mn Ru O (LSMRO)-efe§o ^tl.b<^;^l:V(Di^#;0(O 

0.6 0.4 0.95 0.05 3-« 

^^bf*. ^T-f^^l^^^X/cLa Sr Mn RuO (LSMRO) (?5*g-T'^#:lc:j;oT 

0.6 0.4 1-y y 3-6 

tE3Zfl-e#§i^^Bl8(^;^LfCo La Sr Mn RuO (LSMRO) 

0.6 0.4 1-y y 3-6 

^^^#:f*.M3t^#-efeSW— if-Mlt^-<5^VhW3|Sf-efe^La Sr Mn RuO 

0.6 0.4 1-y y 

(LSMRo)T'fcSRu^is^. wmm.. mm'^m:mm^^->^xm&'rf\^\t^ 

3-6 

V\ -<^^'^^^ *tS?aS{*750°C^^^)900°C. ^^^i£fil33mPa(lmTorr);6^e>l 
3. 3Pa(100mTorr)(Df5H-efe§o 
[0033] |giOl;i. h:/^7Vi^-Y^i^v'3>-^T'^fll^i-^#SJ^SMO/LAO/LSMRO 

M\CLei Sr MnO (LSMO)(^;^tV(D^;^S^$|S^^:^;^^B]^^^iV^/ci-o -(^^^ 

0.6 0.4 3- a 

V:y^;V-J^:y^-y^-l^(DmKn.^^<f^^o ^t-300Oe#3£O^g|5^^#§liS;0^^)La 
Sr Mn RuO (LSMRO) (D><>fcV;5SttV>h:/^/Vv?^>'i>'iy3^^(D®^{*/jN$ 

0.6 0.4 1-y y 3-6 
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[0034] ZL(r>z.hi}^h. i^smo/i^AO/i^SMROWsG.<D^^(Dh:y^7V-j^:y^-^3iym^ 

m^tfD^^^. mmmm^h(DmmK'^^^-^-^m.x<DmrimmK^)^^\^x. mm 
[0035] ffcMR^^}^. y^\i°>^^:fjmm^ti. ^mmmi¥ir^m 

M.±>-^—tl.xm}i¥ir^^t^^'^mtf£^o ^(D^ticX^^ lOOGtVh. T^^tVh^ 

.u^MMKmm^tix^t\^x\^^^m^?i^vm^K}^^mmmir^^t7!)^-^mxh^ 

^tf)^hDRAMmi^<Dm^Amm^tm\^}^^m&m^m^^^th'^mxhs^o 

m^mm(Dmm'^>-v—) tL-x(Djt^mh^mx:h^o ^(Dx^icm^pi^^vmictt^ 
*^>*r^ mnmnm^-iyhu—i:^com^m^tL.xcomm(Dst^m^mK.hti^o 
[0036] /c^*d\ ^mmi~i±mmMmKm^^n^h(DXi~i.tf:<. :^mm(Dmwi^m-5\,^x 

[0037] ^mmKXM. i^rcDx^fm^^mir^^t-d^x^^o 

[0038] cMRm^(7)mmx^mm^fhfc^^ti^^-rmM-b^^-^— 
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RAM, ¥eRAMtm^tt^^m^^])(Dm^^^t\^X(DW^^^irCMR.^^ 

o 
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[1] A BM O M^^fb^CO^x^l.O^y^l. 5f*^^j^tR*)T\ Airb 

l-x X 1-y y 3-5 

XCa, St, Ba/^i^(DT/V:^yzh^7C*^>b<f*La/^^^(Z)#±^^^, Y, Bi, Phf)^h 
^c^^TC^. Bt\.XA}^^(DCa, Sr, Baf£if(DT/V:iJ]}±m7€^h\^<i^l^af^t^(D^ 
±M7t^. Y, Bi, Ph7b^h^j:^7C^. MirbTMn, Fe, Co, Ni, Cuf-j:}f(Dm^^M 
ynm. M' tL-XM}^^<DMn, Fe, Co, Ni, Cu/^^'(D3g#^M7^5g^fflV^:^c3^^^ 

l-x' x' 1-y' y* 3-8 

i}^—:}j<Dmmi)^A B Mno mmit^ (o^x^ i, 8 i-tmrnx^m) x\ Ati^x 

l-x X 3-5 

Ca, Sr, Baf£H<DT/l^:fyV±m7iim'hl^<\^I^afS:^(D^±m7iim.Y, Bi, Pb/5^e>;^^ 
BirbTA^^OCa, Sr, BaJfeif<DT/V;^y±|g5c^^>L<}*La7fe^O#± 

S^*. Y, Bi, Pb;a^^>/^§^*^fflv^fc?«'l4(:7^yatt^'^t^)^mtt@^*tt• 
n^^h^^^nrnt. ^Jj(Dm.Ui)^. ^tltmtft^A B Mn Ru p M^{t:i^(0 

l-x* X* 1-y* y* 3-5 

[3] mM^2mm(Dh:y^/^i^^>'^^^B>m^i^^^^x^ mmr.-D(DmM(D^-hipjn 

^CDm^;e»SLa Sr MnO M^^b^^CO. 2^x^0. 5. 6 {«^j^li»)irL 

l-x X 3-5 

l-x' 

rMn RuO M^^b^^ (0. 2^x' ^0. 5, 0<y^x, 6 f^^l^^Si) 

x' 1-y y 3-5 

[4] M^^3|E*(Dh:/^/Vv'^>'i^i/3^^^^^(c:5oV>T. tff|ES*;ei5La SrMnO 

l-x X 3-5 

mi^mi^um^hf^^mmxm^^^^ir^mmMimi^^titimmt^ ^titm 
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/^§La Sr Mn Ru O MMit^iO. 2^x' ^0. 5. 0<y^x. 6 fi^^^tl 

1-x* X* 1-y y 3-6 
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